The aim of the experiment was to compare the effect of different dietary fat sources on performance, biochemical indices and fatty acid profile in the blood serum of broilers. The study was carried out on 96 male Ross 308 chickens from 1 to 42 day of life, fed diets supplemented with soyabean oil (SO), Nowitol 30 (N) and lard (L). The ratio of UFA/SFA in fat sources was: 4.55 (SO), 4.27 (N), 1.75 (L). There was no effect of dietary fat on performance indices, protein and fat metabolism parameters, Ca, P and chloride concentration in the blood. The highest (P<0.05) Mg concentration was found in N group. A higher percentage (P<0.05) of SFA (34.16%) and lower (P<0.05) level of PUFA (54.01%) was found in chickens from group L in comparison with broilers from the SO (SFA -33.18%, PUFA -55.84%) and N (SFA -33.30%, PUFA -55.99%) groups. The results indicate that performance and biochemical indices were not negatively affected by tested fat sources.
INTRODUCTION
In the intensive feeding of poultry, fat is the natural component of the fodder mixtures, an additive increasing their energy value as well as a factor improving the consistency and tastiness of the feed. In the diets for broilers, vegetable fats such as soyabean oil and rapeseed oil, as well as animal fats such as beef tallow, bone and poultry fat are used (Zdunczyk et al., 2001 ). In the recent years there has also been growing interest in lard (Latour et al., 1994; Peebles et al., 1997a,b,c) . Studies have shown that birds have the ability to utilize significant amounts of dietary fat as a source of energy; however, the efficiency of its utilization largely depends on the composition of fatty acids (Latour et al., 1994; Scaife et al.,1994; Peebles et al.,1997a,b,c; Dvorin et al, 1998; Zdunczyk et al., 2001; Ozdogan and Ak §it, 2003; Shahriar et al., 2007) . It was shown that animal fats rich in saturated fatty acids are more difficult to digest in the digestive system of poultry as compared to unsaturated vegetable oils (Dvorin et al., 1998; Zdunczyk et al., 2001) . The importance of fat from different sources in the feeding of broilers is analysed not only from the aspect of production effects, but also in the context of human health. There is, indeed, a potential possibility of changing the profile of fatty acids in the carcasses of poultry by a suitable their composition in the diet (Scaife et al., 1994; Dvorin et al., 1998; Crespo and Esteve-Garcia, 2001; Viveros et al., 2009) . At the same time the level and type of fat in the diet influence the biochemical parameters of the blood, which are sensitive indicators of the state of health of the animals and reflects the intensity of metabolic processes taking place in their organisms (Ross et al., 1978; Bowes et al., 1989; Meluzzi et al., 1992; Krasnod^bska-Depta and Koncicki, 2000) .
Researchers have been concerned over the recent years to find solutions for poultry feeding which to support high broiler performance and lower feeding costs. Soyabean oil is the main source of vegetable fat used in poultry feeding because of the favourable fatty acids composition and high content of metabolizable energy (Smulikowska and Rutkowski, 2005) , but its cost is relatively high. Nowitol 30 (fat concentrate derived from genetically modified soyabean) and lard are cheaper potential alternative energy sources allowing cutting the feeding costs. However, information on the influence of these two fat sources on biochemical parameters and health status of chickens is scan. Therefore the aim of the study was to compare the effect of Nowitol 30, lard and soyabean oil on performance, selected indices of protein and lipid metabolism, the level of mineral components and profile of fatty acids in the blood serum of broiler chickens.
MATERIAL AND METHODS

Animals and feeding
The studies were conducted on 96 male Ross 308 meat-type chickens, coming from a local hatchery. After delivering broilers to an experimental hen house they were weighed and randomly assigned to one of the three experimental groups. Each group contained 32 birds in 4 replications (8 birds per pen). The broilers were housed in cages with litter-free floor covered with a mat made of cast plastic, in a room with automatically controlled temperature, humidity and air exchange. The birds were provided with continuous light. The rearing was conducted according to the technological recommendations for the breed. During the 6-week experiment all birds were fed ad libitum with isocaloric and isonitrogenous commercial feed based on maize, wheat and soyabean. All chicks were fed starter 1 up to 7 d, starter 2 from 8 to 21 d, grower from 22 to 35 d and then finisher diets from 36 to 42 d of life. Water was provided ad libitum by nipple drinkers. All diets were formulated to meet the minimum nutrient requirement for broiler chickens (Smulikowska and Rutkowski, 2005) . Diets SO throughout whole experiment were supplemented only with soyabean oil (Table 1 ). In the starter period (0-21 d) diets N were supplemented with soyabean oil and Nowitol 30 (vegetable fat concentrate, Nordische Futterfette Carroux, Poland) and diets L with soyabean oil and lard. The only fat sources in grower and finisher periods were Nowitol for diets N and lard for diets L. The amount of ME from added fat was 3.3, 5.7, 10.8 and 11.1% of total ME, respectively, in starter 1 and 2, grower and finisher diets. The study was conducted under a research protocol approved by the Local Ethical Committee in Bydgoszcz (Poland).
Data collection
Body weight (BW) of individual chickens within each replicate group and feed intake per pen were recorded 12 h after the removal of feed at 21 and 42 d of age. Feed conversion (FCR) was determined as the ratio between the feed intake and weight gain. European Efficiency Index (EEI) was calculated for each pen replicate as follows: EEI = (livability x liveweight, kg/length of rearing period, days x FCR) x 100
The blood for analysis was collected from the pterygoid canal vein on the 42 nd day of the experiment after 12 h of feed deprivation from 12 broilers from each group. The selected chickens were characterized by equalized body weight, most similar to the average body weight of the birds from a given group. aminotransferase (AST), alanine aminotransferase (ALT), lactic acid dyhydrogenase (LDH), triglycerides (TG), total cholesterol, HDL fraction, calcium (Ca), inorganic phosphorus (Pi), magnesium (Mg) and chlorides (CI) was determined. All the above mentioned parameters were determined with the help of an Epoll 20 photometer using original Alpha Diagnostics kits. The content of LDL and VLDL lipoprotein fractions in the blood serum was calculated on the basis of Friedewald equation (Friedewald et al., 1972; Peebles et al., 1997a,c) . Lipids extraction from blood serum was made by the chloroform-methanol (2:1) as described by Folch et al. (1957) . The extracted fatty acids were estrified and methyl esters were analysed by CLARUS 600 GC/MS PerkinElmer equipped with an Elite-5MS (PerkinElmer) column (30 m, 0.25 mm, 0.5 (im film thickness). The analyses were made at the pre-programmed temperature of 140°C (4 min) -4°C/min -270°C (5 min). Other parameters were as follows: carrier gas He 6.0 at a flow of lml/min, splitless, feeder 250°C, transfer line 150°C, ion source 200°C, mass scan (m/z) 35-400. Fatty acids profile in the experimental fat sources was estimated according to the method described above. All analyses were performed in duplicate. Based on the performed analyses the content of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) as well as the unsaturated and saturated acids ratio (UFA/SFA) were determined.
Statistical analysis
The results were analysed statistically using the Statistica 8.0 PL program with one way analysis of variance (ANOVA). The post hoc Duncan test was applied. The significance of differences was set at P<0.05.
RESULTS AND DISCUSSION
The content of fatty acids is an important criterion in evaluating the use of fat in the intensive feeding of poultry. A profile of fatty acids in the experimental sources of fat is presented in Table 2 . The highest content of SFA was found in lard (36.39%), definitely the lower percentage of SFA was found in soyabean oil and Nowitol (18.02 and 18.98%). Among SFA the dominating ones were palmitic (CI6:0) and stearic acid (CI8:0). The monounsaturated fatty acids in the lard and Nowitol comprised more than 50% of total fatty acids (TFA), half the content from soyabean oil. The vegetable sources of fat, as compared to the lard, were characterized by a several times higher content of polyunsaturated fatty acids, which in the soyabean oil comprised 55, and in Nowitol 23% of TFA. For all the experimental fats, linoleic acid (C18:2 n-6) was about 90% of PUFA. From the nutritional point of view, the vegetable sources of fat used in the experiment were characterized by a more beneficial UFA/SFA ratio as compared to the animal fat (Zdunczyk et al., 2001) . The effects of inclusion of dietary fat sources in chicken diets on performance are summarized in Table 3 . The results indicate that body weight gain, FCR and EEI value were not affected significantly by the supplemented fat sources. This is in agreement with data reported by Crespo and Esteve-Garcia (2001) and Viveros et al. (2009) in studies comparing PUFA and SFA fat sources. However, Atteh and Leeson (1983) reported that saturation degree of a dietary fat can influence feed intake, weight gain and FCR which results from better availability of energy from unsaturated fatty acids. Moreover, digestion and absorption of dietary fat depends also on the age of birds. It is especially marked in case of saturated animal fats, which are particularly poorly digested initially and their utilization increases gradually to 8 wk of age (Krogdahl, 1985) . In the present study it was also noted that in the period from 0 to 2Id the vegetable fat sources rich in unsaturated fatty acids (Table 2 ) resulted in insignificant higher BW gain and better feed efficiency compared to saturated animal fat -lard.
Protein and lipid metabolism indices determined in the experiment, the activity of selected enzymes and the level of mineral components in the blood serum of chickens are given in Table 4 . There was no significant influence of the dietary fat sources on the content of total protein, albumin, uric acid, creatinine, and activity of AST, ALT and LDH in the blood serum of the birds. The values of these parameters, except for creatinine, were within the wide range of reference values specified for chickens (Ross et al., 1978; Bowes et al., 1989; Meluzzi et al., 1992) . The concentration of creatinine, the indicator of muscular metabolism, in the blood of 42-day-old experimental broilers was twice lower (24.75 to 25.64 (imoll 1 ) than the values (52.30 (imoll 1 ) obtained by Bowes et al. (1989) . In the study cited above the blood was collected from birds that were not starved earlier. It may be the cause for the higher creatinine content in comparison to the results of the present experiment. Similar level of creatinine in the blood serum, like other indicators of protein metabolism, is evidence of the equalized intensification of protein metabolism in the bodies of the experimental broilers. In the available literature there are no data concerning the influence of dietary fat sources on the protein metabolism indices in the blood of broiler chickens. It should be noticed that the studies by Dvorin et al. (1998) and Ozdogan and Ak$it (2003) did not show the influence of fat type and level of its saturation on the retention of nitrogen in chickens and the content of protein in the muscles. The lack of significant differences between the groups with regard to the LDH activity indicates an equalized carbohydrates metabolism level in the organisms of broilers fed isoprotein and isocaloric diets supplemented with soyabean oil, Nowitol and lard.
The experiment showed a statistically significant (P<0.05) influence of the fat source on the magnesium content in the blood serum of the birds (Table 4) . A significantly higher level of this mineral was shown in chickens fed a diet with Nowitol (1.14 mmoll 1 ) as compared to those fed with mixtures including soyabean oil (1.01 mmoll 1 ) and lard (1.06 mmoll 1 ). The type of fat used did not influence significantly the content of calcium, phosphorus and chlorides, and the level of all determined minerals was close to the physiological values specified for 42-day-old chickens (Ross et al., 1978; Bowes et al., 1989; Meluzzi et al., 1992; Krasnod^bska-Depta and Koncicki, 2000) . The wide range of physiological norms and high changeability in the content of minerals in the blood of the birds is caused by a number of factors, including the level and type of fat in the diet. According to Atteh and Leeson (1983) in the intestinal digesta in the presence of saturated fatty acids, particularly palmitic and stearic along with calcium and magnesium insoluble soaps are formed, which decrease the absorption of minerals as well as the availability of fatty acids in poultry. It was also shown that the least amount of soaps is formed in the presence of oleic acid (Atteh and Leeson, 1983) , which is most likely the reason for significantly higher levels of magnesium in the blood serum of the experimental birds fed the diet with Nowitol.
The different kinds of fat used in the present study did not influence significantly the level of fat metabolism indices (Table 4 ). The content of triglycerides and total cholesterol in the blood serum of the birds of all the experimental groups was rather similar and consistent with the physiological norms specified for 42-day-old broiler chickens (Bowes et al., 1989; Meluzzi et al., 1992; Krasnod?bska-Depta and Koncicki, 2000) . It is widely known that individual fractions of lipoproteins play various roles in the transport of lipids. HDL, beneficial for the body and conditioning the transport of cholesterol from the peripheral tissues to the liver, is the main fraction of lipoproteins in the blood of the birds (Peebles et al., 1997c) . In the present study the content of HDL fraction was from 48 to 50% of the total cholesterol. Approximately 10% of total cholesterol in the male broilers blood was the VLDL fraction, which, according to Grunder and Chambers (1988) , highly correlates with abdominal fat and is a good indicator of fat deposition in birds. Table 5 presents a profile of the fatty acids in the blood serum of the experimental broilers. The results show that the content of fatty acids in the sources of fat used had a direct effect on their profile in the serum. In chickens fed the diet supplemented with lard, a significantly higher (P<0.05) level of saturated fatty acids was shown, and at the same time a significantly lower The main saturated fatty acids in the blood of all the experimental birds, similarly to the fat in the diets, were palmitic and stearic acids. Among PUFA, which formed more than half of the TFA, linoleic acid definitely dominated. Its significantly (P<0.05) higher content was found in the blood of the birds from SO group, which is connected with its several times higher level in soyabean oil as compared to lard and Nowitol (Table 2 ). It should be marked that in animals, linoleic acid (C18:2 n-6) and linolenic acid (C18:3 n-3) are considered to be the essential fatty acids. The lack of proper enzymatic systems makes their endogenous synthesis in the organism impossible (Zdunczyk et al., 2001 ). In the blood serum there were significant amounts of arachidonic acid (C 20:4 n-6). Its content in the sum of fatty acids ranged from 7.76 to 9.40% and was significantly (P<0.05) the highest in the birds fed the diet with Nowitol. In the blood, similarly to the experimental sources of fat, among the monounsaturated fatty acids oleic acid (CI8:1 cis) dominated, comprising 60% of MUFA. In the available literature no data were found concerning the influence of the source of fat on the profile of fatty acids in the serum of birds. Numerous studies show, however, that the type and level of fat used and composition of fatty acids in the diet influence the digestibility of the fat and absorption of fatty acids, the level of lipid metabolism indices in the blood and the profile of fatty acids in the tissues (Scaife et al., 1994; Peebles et al., 1997a,c; Dvorin et al., 1998; Ozdogan and Ak §it, 2003; Viveros at al., 2009 ). In the cited papers the beneficial influence of vegetable fat is underlined. Those fats with a higher content of unsaturated fatty acids reduce the level of cholesterol, the lipoprotein LDL and VLDL fractions, at the same time increasing the content of HDL fraction in the blood of the birds.
CONCLUSIONS
In conclusion, the study did not show any significant influence of the dietary fat sources on the performance indices, parameters of lipid and protein metabolism, the activity of aspartate aminotransferase, alanine aminotransferase, lactic acid dehydrogenase and concentration of Ca, inorganic P and CI in the blood of 42-day-old male broiler chickens. The type of fat used influenced only the content of Mg in the blood of the birds. The results indicate a similar level of metabolic changes in the organisms of chickens fed isocaloric and isoprotein diets with soyabean oil, Nowitol and lard. However, the composition of fatty acids in the experimental fat sources influenced significantly the profile of fatty acids in the blood of the birds. In chickens fed diets with vegetable fats, the significantly lower content of saturated fatty acids and higher level of polyunsaturated fatty acids was demonstrated.
